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SWINE GENETICS BUSINESS SYSTEM 




FIELD OF THE INVENTION 



The invention relates to business systems for ordering, invoicing and accounting 



5 for use of various swine genetics transfer embodiments such as sperm, embryos, boars, 
gilts and the like. In a particular aspect, the invention relates to such systems that utilize 
at least in part one or more data processors with data links between two or more different 
locations, including without limitation, the internet or dedicated computing networks or 
dial-up modem connections and the like. Two or more parties can therefore access and 

10 provide inputs or receive information from such systems. 



Swine genetics suppliers provide swine genetics in the form of live animals, 
semen, embryos and the like directly or indirectly (herein referred to as swine genetics 

1 5 transfer embodiments") to swine genetics customers who produce pigs embodying or 
derived from the genetics for sale or market Certain customers may also function as 
genetics suppliers to additional customers in the structured swine production industry. 
Ultimately the goal is the production of market swine for the meat market embodying 
currently available and desirable genetics for health, production or meat quality purposes. 

20 Since the form in which swine genetics is supplied is typically one or more 

generations away from the market swine ultimately produced, and since there has 
heretofore been no convenient and user-friendly way to track use of swine genetics, prior 
practice in providing swine genetics has typically been to charge differently depending on 
the form or embodiment of genetics transfer. For example, if genetics was transferred by 

25 semen, the fee was typically an upfront fee per dose; if genetics was transferred by 
purchase of a gilt, there was typically an upfront fee for the gilt plus a fee for each 
offspring gilt selected for breeding; and, if the genetics was transferred by purchase or 
lease of a boar, the boar might be bought outright or a fee paid upfront plus a fee per dose 
of semen selected. In all instances, however, all or most of the fee for the genetics would 

30 be paid upfront at the time of sale or transfer, followed in some instances by a fee per gilt 
selected for breeding or a fee per dose of semen collected by the customer. Since the 
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major part of the genetics fee was charged to the customer upfront, this practice resulted 
in the swine genetics supplier having to take into account all of the offspring to be 
produced on average using the swine genetics and to build into the cost structure, and 
usually into the upfront cost of the initial supply of animal or semen or other germplasm, 

5 a charge or premium that reflected the total value the customer would derive from the 
genetics. As a result, charges for live animals such as boars and gilts were typically quite 
high, especially for boar studs used in producing market swine, or for gilts produced by 
use of provided genetics that were returned to the customer's production herd. Charges 
for semen could be somewhat less because the number of live animals that could be 

10 produced was more determinate. These large costs were not attractive to customers 

because the costs for swine genetics were all incurred far ahead of the time the customers 
could realize value from their use and while all of the risk associated with production still 
lay ahead Concomitantly, as new and expensive techniques and technologies became 
and continue to become available for improving swine genetics, including but not limited 

15 to, pyramid and other breeding models, external closed herd systems, marker assisted 
selection, surgical and non-surgical embryo transfer, low-dose semen, and the like, the 
old business models have become increasingly inadequate to capture a fair return on the 
investment being made in swine genetics by the genetics supplier. 

Accordingly, it is an object of the invention to overcome one or more of these and 

20 other problems associated with previous practice. For example, it is an object of the 
invention to provide a business system and method for sharing risk of loss for use of 
swine genetics between the supplier and the customer. It is another object to provide a 
business system and method in which upfront charges for use of swine genetics are 
significantly reduced facilitating the customer's rapid expansion of the herd. It is another 

25 object to provide a swine genetics business system and method in which the value (and 
the time of compensating the supplier for the value) of the genetics to the supplier is more 
closely tied to the value of the genetics to the customer (and the time of the customer 
receiving value for the genetics), substantially lessening cash flow issues and providing a 
truer measure of the value of the genetics in the market place. It is another obj ect of the 

30 invention to provide a business system and method that promotes fewer live animal 
introductions into herds thereby improving health and reducing measures needed to 
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maintain health of herds. It is another object to provide a business system and method 
more consistent with introduction of swine genetics improved by new and expensive 
technologies as a result of shifting income to both the genetics supplier and the genetics 
customer closer to the time that value is realized in the market. It is another object to 
provide a business system and method that accomplishes one or more of the foregoing 
objectives using a small set of data inputs, especially a small set of data inputs 
representing data that are usually maintained by swine producers. 

SUMMARY OF THE INVENTION 

The invention relates to business systems and methods for ordering, using and 
accounting for use of swine genetics. According to a broad aspect, the invention relates 
to such systems and methods that are associated with transferring one or more different 
types of swine genetics transfer embodiments to a particular customer or customers, 
thereafter tracking use of the swine genetics transfer embodiments by reporting data from 
the customer's herd representative of the use by the customer of each of the transfer 
embodiments over one or more generations. Fees for the use of the swine genetics 
transfer embodiments are generated responsive to the usage data representative of the 
customers use of the swine genetics transfer embodiments made available to that 
customer. According to further aspects, there can be associated additional fees with each 
of the various swine genetics transfer embodiments made available to the customer in 
addition to the usage fees. According to yet a further aspect, the usage fee can be the 
same regardless of the type of swine genetics transfer embodiment used, while the fees 
associated with the swine genetics transfer embodiments themselves can be the same or 
different one from another. According to even further aspects, a further input associated 
with the customer's total usage of swine genetics provided by a particular supplier, or by 
a particular supplier using a particular form of swine genetics transfer embodiments can 
be used to modify fees otherwise due, for example, by increasing or decreasing the fees 
due responsive to low usage or high usage and the like. 

In a particular aspect, the invention relates to such systems that in respect of at 
least a portion of the price or premium for swine genetics determine a significant, 
optionally predominant or even entire portion of the price to be paid at a time in the 
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swine production cycle when a substantial portion of the risk of loss has already occurred 
thereby permitting customers to defer genetics charges until a time when most of the 
production risk has already been incurred. Optionally, another portion of the price is 
determined on a basis that is dependent on the form in which the genetics supplier 
5 supplies the genetics to the customer, e.g., boar, gilt, sow, semen, embryo transfer, and 
the like or on the swine production structure utilized by the customer, e.g., closed-herd 
pyramid system, large producer, small producer, reseller of swine genetics, market swine 
producer and the like. By use of this business model and system, both genetics supplier 
and genetics customer benefit in that the supplier is able to provide improved genetics to 
1 o the customer at a relatively low upfront price and the customer is able to realize the 

benefits of advanced technology in swine genetics while deferring a significant portion of 
the price therefor until near the time when the customer realizes value from the genetics. 

According to further aspects of the invention, the invention is used in conjunction 
with specific methods of supplying swine genetics or with specific structures of customer 
1 5 swine production operations, or combinations of both specific methods of supply and 
specific customer structures. Generally speaking, the kinds of genetics supply for which 
the invention is particularly advantageous include but are not limited to low-dose semen 
and embryo transfer, and the particular structures of customer swine production 
operations of especially advantageous use of the invention include those that comprise 
20 more than two lines of breeding stock or more than two generations to produce the 
market swine or both. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Turning now to the drawings, F igure 1' provides a diagram for schematically 
25 illustrating various aspects of the business method and system according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Referring now to Figure l^j eference numeral 10 illustrates schematically the 
facilities of a swine genetics supplier comprising swine selection 40, breeding and 
30 production herds function 50 and genetics transfer function 60, each having its respective 
associated methodologies and facilities. Dashed line 62 illustrates the transfer of swine 
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genetics from supplier 10 to a customer 20 with breeding and production herds function 
70. Information from supplier 10 relating to the selection function, the breeding and 
production herds function, and the genetics transfer function can be provided as input 
10'vias data link 12' to processor 30' as illustrated by dashed lines 44, 54 and 64. 

5 Information from customer 20 relating to the customer* s breeding and production herds 
function 70 is provided as illustrated by dashed line 72 as input 20* via data link 32 s to 
processor 30*. Processor 30* provides outputs via data links 12' and 32* back to supplier 
10 and customer 20. 

According to the invention, the invented method and system can be used with 

10 various embodiments of the selection function 40, the breeding and production herds 
function 50, and the genetics transfer function 60. While the invented method and 
system can be used with both traditionally widely used embodiments of these functions, it 
provides particular advantages to both the genetics supplier and the genetics customer 
when used with recently developed embodiments of these functions, especially with 

1 5 recently developed embodiments of the genetics transfer function 60. 

Referring in more detail to the genetics transfer function 60, in the past the 
genetics transfer embodiments have included transfer via boars, gilts, or other live 
animals, or semen. A useful way to describe the genetic transfer for each of these 
embodiments is the "reproductive rate" which is usually determined by reference to the 

20 live animal being used, whether boar sire, gilt, or semen donor. The reproductive rate is 
then defined as the number of offspring expected from each animal, that is, # 
offspring/boar sire, # offspring/gilt, or # offspring/boar semen donor. In the past this rate 
can be described as that which is inherent in the genetics of the individual animal 
consistent with good management practice and in the conventional technologies of semen 

25 collection, dose and usage. For example, for a boar sire, a good inherent reproductive rate 
would be in the range of about 300 to about 900 per boar productive lifetime (for 
example, about 1 .5 years), for a gilt in the range of about 20 to about 60 per productive 
lifetime (for example, for a gilt, this can vary from four months to about 1 .5 to 3 years or 
even longer), for a boar semen donor in the range of about 3000 to about 9000 offspring 

30 per productive lifetime. 

Recently developed technologies however have significantly enhanced the natural 
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or inherent reproductive rate to achieve an enhanced reproductive rate. For example, 
embryo transfer technology can improve the reproductive rate for a gilt to about 20 to 
about 1 80, or even to as much as 200 or 400 per productive lifetime. Likewise, use of 
low-dose semen, can increase the reproductive rate of a boar semen donor to about 

5 30,000 to about 100,000 offspring, or even to as much as about 300,000 per productive 
lifetime. For use in the description herein and in the claims, therefore, the tenn 
"enhanced reproductive rate" shall mean and refer to a reproductive rate for a particular 
animal involved in the genetics transfer function, either as a live animal or as a semen or 
oocyte or embryo donor that is 3 to 30 times the inherent reproductive rate for that 

10 animal, more preferably 6 or 8 to 30 times the inherent reproductive rate for that animal. 

These technologies are currently available to the swine industry in many different 
forms and embodiments that will be familiar to those skilled in the art Likewise, these 
technologies are undergoing a period of rapid advancement for which the invented 
method and system are expected to provide an advantageous way of proving and 

15 delivering genetics improvements to customers. 

In addition to currently available genetics transfer embodiments the invented 
system and method is also well adapted for use with future improvements in genetics 
transfer. For example, development costs associated with recent improvements in the 
swine industry cannot readily be passed along to customers by use of the conventional 

20 business model. A new technology requires "proof to the customer. In addition, the 

long lead-time before a customer can capture value from a new technology (up to 7 years 
depending on where the technology is introduced) requires a risk sharing business model 
as is provided by the present invented method and system Similarly, in the absence of a 
model such as the invented model and system, a customer would not readily be able to 

25 afford to purchase an animal with significant trait enhancement 

More generally, with the greater number of gradations of genetic transfer events 
and services that are becoming available in the swine business, e.g., adjusting semen dose 
levels or embryo transfer method variations, the faster and more detailed feedback of 
results information, e.g., pigs/litter, survival rate, herd health, etc., from customer to 

30 genetics supplier enables earlier and more precise fine tuning of providing those events 
and, accordingly, higher rates of genetic progress, greater economies of production, etc. 
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To the extent customers can be persuaded to use a system requiring the reporting of later 
(downstream) results, the system and method is expected to permit more of such fine 
tuning by the genetics provider with resulting economic benefits to the customers as well 

5 as the provider as well as encouraging earlier and distribution of the benefits of 
technology to the customer. 

From another aspect, die use of certain of the recently developed genetics transfer 
embodiments provides additional occasions for highly advantageous use of the invented 
method and system. For example, those embodiments of swine genetics transfer that are 

10 specially adapted for transferring the swine genetics while maintaining health in the 
customers' herds in which the genetics will be used. These methods of swine genetics 
transfer include but are not limited to semen, gender-enriched semen, low-dose semen, 
low-dose gender-enriched semen, embryo transfer, in vitro fertilization followed by 
embryo transfer and the like. These are genetics transfer methods that can be 

1 5 conveniently used to isolate the recipient herds from diseases that may occur in the 

source herds or animals , but which result in the customer producing such a large number 
of animals using the transferred genetics that the conventional business model is 
incapable of capturing value for the swine genetics supplier that bears a reasonable 
relation to the costs of doing business plus a reasonable profit. 

20 In addition to advantages with particular embodiments of the genetics transfer 

function, the invented method and system are also well adapted for present and expected 
future embodiments in the selection function, in the genetics supplier's breeding and 
production herds system, and in the customer's production herd system. For example, 
illustrating first the historically used techniques of selection, these include phenotypic 

25 selection, instrumental selection, and the like. Correspondingly, the breeding and 
production herds function includes such embodiments as pyramid breeding systems, 
genetic nucleus herds, paternal breed lines, maternal breed lines and the like. Recent 
developments in the area of selection and breeding include respectively marker assisted 
selection (MAS) or breeding (MAB), selection of high prolificacy sows, and the like 

30 where the investment costs made it difficult or impossible using the conventional 
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business model to capture value from the new developments consistent with the costs of 
the technology. 

According to another aspect of the invention, the invention can be used with 
conventional or recently developed embodiments of customer production structures 
(swine producers* operations). Conventional embodiments can include production herds 
for producing market swine comprising parent swine and market swine, multiplier herds 
for producing parent or grandparent swine, optionally also market swine, for transfer of 
the parent or grandparent swine to production herds, and the like. Newly developed 
embodiments can include external closed nucleus herd systems where the swine genetics 
customer's herds can comprise a genetic nucleus herd from which, directly or with 
additional supply of genetics by semen or embryos or the like, great grandparent, 
grandparent, parent and market swine are produced. To illustrate, the external closed 
nucleus herd system is described in more detail in Appendix A attached hereto and made 
a part hereof. 

According to an aspect of the invention, the invented method can be used with all 
of the above methods and technologies of swine selection, swine breeding and 
production, swine genetics transfer, and customers* herd structures. As indicated, it will 
offer particular advantage when used with one or more of the newly developed selection 
or breeding or production technologies, one or more of the newly developed swine 
genetics transfer technologies, and one or more of the newly developed customers* herds 
structures. In fact in such circumstances, it may be of significant advantage to both 
supplier and customer by permitting the most advanced swine genetics to be made 
available and used by the swine gaieties customer while providing a fair return to the 
supplier and deferring until near realization of market value the predominant part of the 
customers' costs for genetics. 

According to an aspect of the invention, a usage criterion must be set for 
determining when a produced animal will be subject to a genetics use charge or fee. For 
example, the usage criterion might be pigs having 100% genetics available from a 
particular supplier, 75% or more, 50% or more, 25% or more and the like. According to 
a preferred aspect of the invention the billing criterion is the number of animals having 
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50% or more of the supplier's genetics. This is consistent with use of the supplier's 
genetics on either the boar or the gilt side of production. 

According to an aspect of the invention, the method and system provides for a 
payment associated with an event representative of use by a customer of swine genetics 
5 provided by a genetics supplier for the production of live animals. According to a 
preferred embodiment, the method and system provides for a first payment associated 
with the transfer of a genetics transfer embodiment to the customer and a second payment 
associated with an event ("genetics use event") representative of use of the swine 
genetics embodiment by the customer for the production of live animals. According to a 
10 highly preferred embodiment, the first payment can vary according to the genetics 

transfer embodiment utilized, while the second payment based on the genetics use event 
can be the same or substantially the same regardless of which genetics transfer 
embodiment may have been used. 

According to the embodiment of the invention in which the first payment is 
1 5 permitted to vary according to the genetics transfer embodiment, the first payment can be 
selected to bear a reasonable relationship to the cost of maintaining production facilities 
and supplying the selected genetics transfer embodiment to the customer, thereby 
accommodating cash flow requirements of the suppliers operation. 

As indicated, according to an aspect of the invention, the invention comprises a 
20 method and system for ordering and accounting for use of swine genetics that defers at 
least a significant part of the payment for swine genetics until a genetics use event 
occurring at or near the time of marketing of the product pigs when the custo mer will 
realize income from the use of the swine genetics and be assured that the technology is 
proven and is adding value to the customer's production system. The genetics use event, 
25 usually determined on a per animal basis, can be successful pregnancies, number of 

embryos implanted, number of embryos at a fixed time after pregnancy, for example, 35 
days after pregnancy or implantation, number of live births, number of weaned pigs, 
number of market swine and the like, all preferably determined on a per genetics transfer 
embodiment basis, i.e., boar sire, gilt, embryo, semen, and the like. Among these and 
30 other options of the genetics use event, a particularly preferred event is the weaned pig 
event because this number is typically recorded as a routine part of swine production 
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operations and is consistent with most swine operations. The genetics use event might 
also be the number of market pigs produced per genetics use embodiment; however, 
some producers will sell weaned pigs to finishers to produce market swine, so for them, 
and for generally most or all swine producers, the weaned pig number is particularly 
convenient and advantageous as a measure of use for transferred genetics. 

As a result, basically only two types of information need to be used for 
determination of fees associated with different genetics transfer embodiments: (1) the 
particular type of genetics transfer embodiment; (2) the number of genetics use events 
associated with use of each genetics transfer embodiment. According to a further aspect 
of the invented method and system, it may be desirable to give particular customers 
discounts according to the extent of use of a supplier's swine genetics or of particular 
forms of genetics transfer embodiments. This can be readily accomplished either based 
on volume discounts according to the numbers of particular types of genetics transfer 
embodiments purchased by particular customers or based on total number of anim als 
meeting the usage criterion. In the latter instance, the additional information that must be 
provided will be the total number of customer's animals meeting the usage criterion. 

Turning now to the systems that can be used for practicing the various 
embodiments and aspects of the business method described herein, and referring again to 
Figure 1 , it can be seen that in its simplest form, the system comprises a first data input 
associated with the genetics supplier facility to input information concerning the number 
and types of genetic transfer embodiments ordered by or shipped to (or both) the 
customer, a second data input associated with the customer's facility to input information 
concerning the usage events meeting the usage criterion for each genetic transfer 
embodiment, and a processor for detennining the amounts owed by the customer for the 
genetic transfer embodiments and the usage events. It will be appreciated that a system 
for implementing the business method described herein can be readily implemented in 
many ways familiar to those skilled in the art, for example, using personal computers 
with dial-up or digital-link modems with the system program residing on one of the 
personal computers, by use of local area networks linking the genetics supplier and its 
customers, by use of connections made through the internet between the data processors, 
or at least input terminals or between a supplier's LAN and a Remote Database by which 
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the user data is accessed, associated with each of the genetics supplier and its 
customers), and the like. Likewise persons skilled in the art from the description 
provided herein can readily implement the programming function and many 
embodiments thereof and improvements thereon without departing from the invention as 
5 described by the claims. 

The invention has been described in terms of particular and preferred 
embodiments herein but is not limited thereto but by the claims appended hereto 
interpreted in accordance with applicable principles of law. 
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DEFINITIONS 

A table of brief definitions useful in the swine industry or in connection with the 
invention herein: 



Barrow 



Customer 



Male pig that has been castrated. Market pig. Male pigs are 
castrated so the meat doesn't become tainted. 

The person that acquires semen or animals from a Genetics 
Supplier. 



Customer Structures - the way in which a customer creates end product swine including 

market swine for sale. 



Dam 
Database 

Data Source Name 



Genetics Supplier 



Farm 



Gilt 



A pig's mother. 

A database is a collection of data that is organized so that its 
contents can easily be accessed, managed, and updated 

(Or DSN) A term used to refer to a database or database server 
used as a source of data. ODBC data sources are referred to by 
their Data Source Name (DSN). Data sources can be created by 
using the Windows Control Panel in Windows. 

An entity that provides swine genetics in the form of semen, live 
animals, oocytes, embryos and the like used directly or indirectly 
for the production of Market Pigs. 

A place where the pigs are born and raised. Pigs can be moved 
from farm to farm, for any number of reasons. A customer could 
have several farms. 

A female pig that has not given birth. 
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LAN 



10 



Line 

Local Database 
Middle-ware 



15 



20 



Mix 



ODBC 



25 



30 

Packer 
35 Plant 

Remote Database 

40 

Sex 
Sire 

45 SOW 



A local area network (LAN) is a group of computers and 
associated devices that share a common communications line or 
data link and typically share the resources of a single processor or 
server within a small geographic area (for example, within an 
office building). 

A breed of pig. 

The database that will reside on the Genetics Suppliers data 
processor or LAN that will be used by the Genetics Supplier. 

A piece of software that links two pieces of software together that 
normally wouldn't be able to be linked. The middle-ware allows 
the two pieces of software to communicate and exchange 
information. Middle-ware can be used to link the Local Database 
and the Customer's data processor or Remote Database, or linkage 
can occur via the Internet. 

A mixture of Gilts and Barrows. 

Open Database Connectivity. Open Database Connectivity 
(ODBC) is a standard or open application programming interface 
(application program interface) for accessing a database. By using 
ODBC statements in a program, you can access files in a number 
of different databases, including Access, dBase, DB2, Excel, and 
Text. In addition to the ODBC software, a separate module or 
drive is needed for each database to be accessed. The main 
proponent and supplier of ODBC programming support is 
Microsoft. ODBC can be used in connection with the invention 
herein described. 

This is the person/company that owns a meat packing plant. A 
packer could own more than one Plant. 

The place where pigs are slaughtered and packaged. A packer 
could own several plants. 

The database that will reside on the users machine or data 
processor that does the data entry. 

The sex of the pig. 

A pig's father. 

A female pig that has given birth. 
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MULTIPLE CLOSED NUCLEUS BREEDING FOR SWINE PRODUCTION 

FIELD OF THE INVENTION 
The invention relates to the production of swine and in particular aspects to methods 
and systems using two or more nucleus herds for breeding and delivery of improved genetics 
with health to swine producers. In one aspect, the invention relates to such methods and 
systems in which two genetically linked nucleus herds are used cooperatively to improve 
genetics in one or both herds. In other aspects, the invention relates to such methods and 
systems comprising more than two nucleus herds. 

BACKGROUND OF THE INVENTION 

Animal breeding and production has changed significantly in recent decades and 
ongoing concerns about animal health and transmissible diseases will cause change to 
continue in the direction of increasing herd health. Further, as breeding has increasingly 
focused on polygenic and other low response traits, statistics and technology have come to 
play an increasing role. One result of this trend has been the development and widespread 
use of the best linear unbiased prediction (BLUP) statistical model for predicting estimated 
breeding values (EBVs) for potential parents to be used in a breeding program. Such 
programs are well known and available to persons skilled in the art from a number of sources 
and are capable of producing EBVs that to a considerable extent distinguish between genetic 
and environmental effects. BLUP programs for use with swine are well known and available. 
One system that can provide advantageous results can be mentioned here, but other programs 
are available and the approach is well known to those skilled in the art of animal breeding. 
The MTDFREML (Multiple Trait Derivative Free Restricted Maximum Likelihood) is a 
flexible set of programs, designed to be used with animal breeding data where an animal 
genetic effect is used for each trait, that can be used to estimate variance components using a 
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derivative free restricted maximum likelihood algorithm. The programs are readily available. 
The program generates BLUP solutions to the mixed model equations, contrasts of solutions, 
prediction error variances of solutions and contrasts, and calculates expected values of 
solutions. The programs are readily available from Dale Van Vleck at the University of 
Nebraska - Lincoln. As will be familiar to those working in this area, some development of 
input and output routines may require development for particular applications, but these are 
matters involving only the routine exercise of ordinary skill. 

Since it is impractical to include all animals in the swine industry in a single breeding 
program because of costs and lack of control, genetic improvement of swine breeding stock 
has tended to involve use of relatively few elite breeding units or genetic nucleus herds, for 
example, at the top of pyramid structures to disseminate genetic improvement to terminal 
swine produced for food. Open and closed nucleus pyramid breeding schemes are now 
extensively used to provide an advantageous balance between rate of genetic improvement 
and rate of inbreeding in producing breeding stock for terminal swine (non-breeding swine 
used for meat). The difference between open and closed nucleus herds is that in the closed 
system, the elite breeding herd is closed to the importation of animals from other sources, 
whereas in open systems the elite breeding herd is open to such animals. 

Genetic improvement is strongly dependent on abundant and good measurement of 
phenotypic traits to be included or excluded for breeding and these measurements are a 
significant part of the cost and a major contributor to the accuracy of a breeding program. 
The phenotypic measurements can be turned into EBVs (Estimated Breeding Values), either 
directly or by including phenotypic data collected from animals across herds in different 
environments, so that genetic and environmental influences on the data can be distinguished. 
If data are available having good data structure (use of breeding animals across herds) and 
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proper pedigree recording, BLUP can be advantageously used. Currently, systems for 
applying BLUP to molecular genetic markers as well as to phenotypic measurements are in 
preliminary use and under development and it is expected that these techniques will 
contribute to further improve swine breeding. 

5 In addition to good measurements and good data structure, sophisticated pyramid 

breeding systems require nucleus herds of sufficiently large size to identify and track 
phenotypic and genetic markers of interest for the desired genetic improvement For traits 
having low heritabilities or showing low levels of improvement per generation, even larger 
herds are needed to produce statistically meaningful results. These factors and others lead to 
10 the requirement of SGNs (swine genetic nucleus herds) of significant size to prevent 
inbreeding and be capable of reliable genetic improvement in respect of all of the traits of 
; current interest Since the cost of maintaining and improving large SGNs has been generally 
prohibitive for the producer of terminal swine, the SGNs have typically been maintained at 
facilities of commercial genetics suppliers who then distribute animals and semen to 
15 producers for use in producing dams and sires for breeding and cross-breeding and ultimately 
producing terminal swine for the meat markets. As a result, however, the terminal swine 
producer has lost a measure of direct control over its own breeding program and, as live 
animals are periodically introduced into its herds, suffers the risk of pathogen importation as 
well. 

20 As will be described below in more detail, the invention is directed to new and 

improved methods and systems for breeding swine that makes it economically feasible for 
many producers that maintain terminal swine to have an SGN at their own facilities under 
improved direct control by the producers. In another aspect, the invention is directed to 
methods and systems in which the producer's SGN is genetically linked to a commercial 
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genetics supplier's SGN. In another aspect, the invention is directed to the use of closed 
SGNs for these purposes thereby additionally providing animal health benefits to the terminal 
swine producers and ultimately to the meat consumer. 

Such new and improved methods and systems for producing and delivering genetic 
5 improvement to swine producers consistent with maintaining a high degree of isolation 
among herds for insuring good animal health are greatly needed and are provided in 
accordance with the different aspects and embodiments of the invention. 

SUMMARY OF THE INVENTION 

The invention comprises the use of two or more genetically linked SGNs for 
3 producing and delivering genetic improvement to producers of terminal swine for meat The 
SGNs comprise at least a SGN1 (sometimes referred to as SGN1) characterized by a rate of 
genetic improvement and a rate of inbreeding where the number of animals is sufficient for 
achieving and maintaining over multiple generations a desired balance between the rate of 
genetic improvement and the rate of inbreeding and at least one SGN2 (sometimes referred to 
as SGN2) characterized by a smaller number of animals insufficient to maintain that balance 
in the absence of periodic introduction of germplasm. Except for animals from the SGN1 
that are used to establish the SGN2, the SGN2 is closed to introduction of live animals to 
greatly reduce or eliminate the risk of health hazards due to introduction of live animals. The 
SGN1 is a closed SGN optionally with new germplasm introduced from time to time via 
semen or embryo transfer (ET) since periodically introducing new germplasm into the SGN1 
herd may permit additional genetic improvement. Use of pathogen-free semen for breeding is 
an advantageous way of introducing new genetics into an SGN without opening the herd. 
After establishment of the SGN2, germplasm and improved genetics introduction from SGN1 
to SGN2 is limited to sperm or optionally embryos produced under conditions insuring 
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freedom from diseases of concern. A key benefit or advantage of closing the SGN2 is to 
maintain the health of the producer's herds since by closing the herd to live animal 
introduction, the introduction of unwanted pathogens can be reduced to a significant degree. 
Data collected from both the SGN1 and the SGN2 are used periodically to provide target 
measures of genetic improvement and to determine performance measures for the SGN2. 
Using these methods and systems has been found to enable rates of genetic improvement in 
the SGN2 to equal or exceed rates of genetic improvement in the SGN1 . 

According to the invention, the SGN1 and the SGN2 are genetically linked to permit 
the use of statistical models such as BLUP that can distinguish genetic from environmental 
effects with phenotypic data collected from both herds including, unless otherwise required 
by the context, molecular marker data derived from cellular samples from live animals. The 
genetic linkage is preferably provided by the use of semen from related or identical sires for 
breeding in both the SGN1 and the SGN2 herds and trait or data linkage is provided by 
collection and use of at least a core set of phenotypic data from the resulting offspring in both 
SGNs. Since the SGN2 can be significantly smaller than the SGN1 due to the genetic 
linkage and trait data linkage,, the invention makes possible establishment of an SGN at a 
swine producer's facility that is under the producer's control to produce improvement in a 
desired direction without the need for maintaining an SGN having the size and associated 
costs of the SGN1. Thus, using an SGN2 with a SGN1 as described herein, it is possible to 
accomplish the producer's goals of substantially or completely eliminating live animal 
introductions for animal health reasons, gaining control over genetic improvement, and at the 
same time obtaining the benefits of genetic improvement via the SGN1 that were previously 
only possible based on maintaining an independent SGN as known in the prior art 
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In one embodiment the invention comprises method and system for producing genetic 
improvement in swine in which a first swine genetic nucleus elite breeding herd or SGN1 is 
provided or made available at a first site effectively isolated for purposes of preventing 
transmission of selected pathogens to a second site at which is located a SGN2 derived from 
5 the SGN1, the SGN1 having a rate of genetic improvement and a rate of inbreeding and a 
number of animals sufficient for achieving and maintaining over multiple generations a stable 
balance between the rate of genetic improvement and the rate of inbreeding, the SGN2 having 
a smaller number of animals than the SGN1, and the SGN1 and SGN2 further genetically 
linked by use of semen from the same or related sires in producing offspring in both the 
10 SGN1 and the SGN2. Optionally, further genetic linkage can be provided by embryo transfer 
(ET). This embodiment further includes steps of using a core set of phenotypic data at least 
some of the traits of which are measured in both the SGN1 and the SGN2 herds and 
generating a ranking of dams in the SGN2 for achieving a targeted measure of genetic 
improvement for a next succeeding generation in the SGN2 and using semen provided from 
15 sires in the SGN1 for use in breeding dams in the SGN2 to achieve the targeted measure of 
genetic improvement in the SGN2. According to a further aspect, the measure of actual 
genetic improvement is also periodically determined and provided to the producer of the 
SGN2. 

In another embodiment, the invention comprises method and system 
20 for producing genetic improvement in swine comprising, relative to a first swine genetic 
nucleus elite breeding herd or SGN located at a first site effectively isolated for purposes of 
preventing transmission of selected pathogens, maintaining a second site at which is located a 
SGN2 derived from the SGNl, the SGN1 having a rate of genetic improvement and a rate of 
inbreeding and a number of animals sufficient for achieving and maintaining over multiple 
25 generations a stable balance between the rate of genetic improvement and the rate of 
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inbreeding, the SGN2 having a smaller number of animals than the SGN1, and the SGN1 and 
SGN2 being further genetically linked by use of semen from the same sires in producing 
offspring in both the SGN1 and SGN2. This embodiment further includes steps of selecting 
dams for breeding from a ranking of dams in the SGN2 for achieving a targeted measure of 
5 genetic improvement for a next succeeding generation in the SGN2, and breeding the selected 
dams using semen from sires in the SGN1 selected for use in breeding dams in the SGN2 and 
periodically providing determined measures of actual genetic improvement to the producer of 
the SGN2 to achieve the targeted measure of genetic improvement in the SGN2. 

According to another aspect, the invention comprises method and system for 
10 determining measures useful in breeding swine comprising accessing at least a core set of 
phenotypic data obtained from each of a first swine genetic nucleus breeding herd SGN1 and 
a second swine genetic nucleus herd SGN2, the SGN1 and the SGN2 being genetically 
linked; and producing measures for at least one of the SGN1 and the SGN2 herds selected 
from the group consisting of measures of estimated breeding values for selected traits and 
15 measures of rate of genetic improvement and combinations thereof. 

In accordance with other aspects of the invention, the invention comprises methods 
and means for assisting the terminal swine producer in managing the breeding and cross- 
breeding of animals derived from an SGN1 herd to improve genetic potential in an entire 
swine production system involving multiple generations derived from the producer's own 
20 SGN2 herd, for example, GGP (great grandparent), GP (grandparent), PS (parent swine) and 
multiple line crosses for producing MS (market swine or terminal swine "TS") used only for 
meat and by-products. In other aspects, the systems and methods in accordance with the 
invention can be more cost effective and profitable for the swine producer than prior art 
systems even without placing a value on health benefits. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates schematically swine production systems in accordance with the 
prior art and a swine production system in accordance with the invention comprising use of 
genetically linked SGN1 and SGN2 and optionally other SGN herds. 

5 Figure 2 illustrates schematically establishment and maintenance of SGN2 maternal 

line herd that corresponds to and is genetically linked to a SGN1 maternal line herd. 

Figure 3 illustrates schematically an embodiment of information flows used in 
accordance with an aspect of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

10 The invention is directed to improvements in the breeding and production of animals 

to produce market swine. The swine lines to be bred can be selected from any breed of swine. 
Breeds or lines of swine, as those terms are generally used today, are animals having a 
common origin and similar identifying characteristics. Lines of swine are groups of related 
animals produced, for example, but not exclusively, by line breeding, the mating of animals 
15 within a particular line according to a mating system designed to maintain a substantial 
degree of relationship to a highly regarded ancestor or group of ancestors without causing 
unacceptably high levels of inbreeding. In particular aspects, the invention relates to 
improvements in the breeding of maternal lines for the production of market pigs, though the 
invention can be used with paternal lines and other lines as well. A maternal line, as is well 
20 known, is a line that excels in the maternal traits of fertility, freedom from dystocia, milk 
production, maintenance efficiency, and mothering ability, while paternal lines are strong in 
paternal traits such as rate and efficiency of gain, meat quality, and carcass yield. 
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The invention comprises methods and systems for producing genetic improvement in 
swine in which a SGN1 (first SGN - "swine genetic nucleus elite breeding herd") at a first 
site and a second SGN ("SGN2") at a second site closed to live animal and associated 
pathogen introductions are used cooperatively to effect genetic improvement in SGN2. 
5 According to an aspect of the invention, a measure of genetic improvement is selected and a 
target measure of genetic improvement is set for SGN2 in a future period and a measure of 
achievement of genetic improvement ("performance measure") is determined for SGN2 at 
intervals during and following the period and is provided to the SGN2 producer. As 
illustrated, the preferred measure of genetic improvement is the ratio i/t usually referred to by 
10 geneticists as the rate of genetic improvement The term i is described in more detail below, 
but may be referred to as the selection intensity for a selected criterion expressed in standard 
deviations. For swine, the generation interval t is usually defined as the average age of the 
parents at the time of farrowing of offspring for the next generation. The target measure and 
the performance measure can be periodically provided directly to the SGN2 producer or can 
15 be compared to the target measure or to performance measures of other SGN herds to 
evaluate successful implementation of genetic improvement or to determine the existence of 
and be used in assessing correction of problems in SGN2 or to establish the target measure 
for a succeeding interval. 

The ratio i/t for swine can vary over positive and negative numbers around zero up to 
20 an upper value that may approach a biological limit for a given population. For dams, a 
reasonable upper value is about 1.50 (assuming use of gilts for breeding to minimize 
generation interval t) while for sires a reasonable upper value is about 2.0 although in both 
dams and sires somewhat higher values can also be observed with the implementation of 
improved reproduction technologies. Sire upper limits tend higher than dam upper limits 
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since intensity i for sires can be higher than for dams, which require a higher number of 
replacements, and therefore cannot as a practical matter be subjected to the same selection 
intensity as the sires. Use of embiyo transfer (ET) can further increase the i/t ratio for dams 
in the direction of that attainable for sires. Since it has surprisingly been found that in the 
5 absence of target and performance measures, notwithstanding all of the other components of 
the described breeding systems, the performance of the SGN2 herd typically is on the order of 
about 0.3 or even less to less than about 0.5, a useful practical measure of achievement in 
SGN2 is greater than about 0.5, more preferably greater than about 0.7 or 0.9. Most 
preferably rates of improvement of 1 . 1 , 1 .3 or even 1 .5 can be achieved. 

10 As indicated, the preferred measure of genetic improvement is the rate of genetic 

improvement or i/t where i is selection intensity expressed as the difference between the mean 
selection criterion of those individuals selected to be parents and the average selection 
criterion of all potential parents expressed in standard deviation units and t is the generation 
interval measured in years. In this instance, the target measure will be the predicted annual 
15 rate of genetic improvement of SGN2 in standard deviation units and the performance 
measure will be the actual rate of improvement of SGN2 again in standard deviation units. 
As is known, determination of i/t for SGN2 requires knowledge of i for both dams and sires 
and therefore requires a collection and an exchange of relevant information (e.g., i/t for sires 
for SGN1 and i/t for dams for SGN2) to permit determination. Accordingly, a further aspect 
20 of the invention comprises methods and systems to provide the relevant information to enable 
determination of i/t for SGN2 to and for generating the target measure and determining the 
performance measure and for generating further target measures. 

Both target and performance measures are highly desirable and advantageous for 
achieving the desired results of systems where SGN1 and SGN2 are used to produce genetic 
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improvement in SGN2. In fact, in the absence of such measures the rate of genetic 
improvements in herds has been found to be on the order of 0.3 to less than about 0.5 
although theoretical rates of improvement were much higher. It appears that periodically 
providing the performance measures insures conducting the other operations to achieve the 
5 targeted results, as well as, more concretely, leading to rapid identification and correction of 
operating problems. 

According to various embodiments, the invention comprises methods and systems for 
producing genetic improvement in swine in which an SGN1 herd is provided or made 
available at a first site effectively isolated for purposes of preventing transmission of selected 
10 pathogens to a second site at which is located an SGN2 herd. As used herein, a first site will 
be effectively isolated from the second site if the SGN2 is totally isolated from other swine, 
for example, not within a radius of a minimum of about 3, to about 5 miles or even more (10 
miles or more) from another herd, and if there are strict biosecurity procedures followed at the 
SGN2 site controlling human, animal and vehicular traffic, and if (preferably) the initial 
15 stocking of SGN2 from SGN1 occurs all at one time. If additional stocking after initial 
stocking is to be used, the subsequent stocking must flow through a quarantine facility to 
properly screen for pathogens. 

According to various embodiments, the SGN1 herd has a rate of genetic improvement 
and a rate of inbreeding and a number of animals sufficient for achieving and maintaining 
20 over multiple generations a stable balance between the rate of genetic improvement and the 
rate of inbreeding in the SGN1 herd. 

To illustrate these aspects for SGN1, it is useful to look at the key equation for genetic 
change in a herd. The key equation states that the rate of genetic change in a selection 
criterion for any given trait (for example, estimated breeding values - "EBV'\ or other 
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phenotypic information used as a basis for selection for that trait) is directly proportional to 
three factors: accuracy of selection, selection intensity, and genetic variation; and inversely 
proportional to a fourth factor: generation interval. Mathematically, for any given trait, the 
key equation can be written 

5 Abv/t = r B v, B*vOBvi/t, (1) 

where Abv/t is the rate of genetic change per unit of time x , tbv, b*v is the accuracy of 
selection (correlation between estimated breeding values and true breeding values for a trait 
under selection), gbv is the genetic variation for the trait of interest, i is selection intensity 
expressed as the difference between the mean selection criterion of those individuals selected 
10 to be parents and the average selection criterion of all potential parents expressed in standard 
deviation units, and t is the generation interval (average of parents' ages at the time of 
farrowing). (It is noted in passing that this equation also provides guidance for determining 
i/t since the rate of genetic improvement of any given trait (i/t) can be isolated from the 
equation.) This equation is well known and capable of readily being used by those skilled in 
the art. From the equation, it will be clear that the producer's impact on the rate of genetic 
change will be primarily controlled by increasing selection intensity and by decreasing 
generation interval t to the extent practical. 

In commercial breeding operations, a goal is to achieve an advantageous rate of 
genetic improvement, avoid disadvantageous levels of inbreeding, and maintain herd costs at 
an economically advantageous level. This creates a tension between having a few highly elite 
animals for breeding to increase selection intensity and reduce breeding costs and having a 
large number of breeding animals to prevent inbreeding depression. Consequently, it is 
advantageous to design breeding programs so as to balance the Rate of Response and the Rate 
of Inbreeding and if possible find an advantageous balance between the two consistent with 
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economy of operation. This process in general terms is well known in the art and need not 
be further explained here, except for convenience to note that the rate of response per 
generation is illustrated above by equation (1) and feat the rate of inbreeding and its 
relationship to breeding herd size can be illustrated by equations (2) and (3) below: 

5 AF = l/2N e (2) 

where AF is the rate of inbreeding per generation and N e is the effective population size of the 
breeding population: 

Ne = 4N m N f /(N m + N f ) (3) 

where N m and Nf are the number of males and the number of females used as parents for each 
10 generation. By iterative use of these formulas or computer modeling of these formulas for 
desired traits and rates of response and availability of facilities for stocking and breeding, 
persons skilled in the art readily determine advantageous herd sizes for each specific situation 
encountered in breeding and can likewise determine appropriate herd sizes in accordance with 
the invention in light of the disclosure herein. 
15 According to embodiments of the invention, the methods and systems according to the 

invention can be used for any nucleus herds used in breeding. It has been found particularly 
advantageous to use the invented methods and systems in connection with breeding and 
production of maternal line parent dams for breeding by paternal line terminal sires for the 
production of terminal swine because of the significantly larger number of dams otherwise 
20 required and the corresponding greater benefit to be obtained from the methods and systems 
disclosed herein. As a result, a preferred embodiment described herein relates to breeding 
and production of maternal line parent dams, but the invention can be readily applied by those 
skilled in the art to other nucleus breeding systems and for other lines including paternal 
lines. 
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According to an aspect of the invention, for example, referring to nucleus maternal 
line herds, both the genetics supplier's maternal line SGN herd (sometimes referred to as 
SGN1) and the producer's maternal line SGN herd (sometimes referred to as SGN2) can be 
smaller than otherwise would be necessary to achieve advantageous results. The two herds 
5 (SGN1 and SGN2) must be genetically linked as discussed in more detail below. The extent 
to which the genetics supplier's herd can be reduced in size depends in part upon whether the 
phenotypic data collected by the producer is sufficiently accurate and reliable to meet the 
supplier's requirements for data to be used in determining EBVs for the genetics supplier's 
herds. In any event, it will be immediately clear to the skilled person that the SGN2 herd can 
) be much smaller when it is genetically linked to and supported by accurate information from 
the SGN1 herd than would otherwise be possible. 

Referring in more detail to an exemplified nucleus maternal line herd, as a practical 
matter, it will usually be desirable to have no fewer than about 50 dams in the SGN2 herd to 
provide at least about 3 dams coming into heat on a weekly basis to provide an advantageous 
rate of breeding work for planning and staffing purposes. As described below, in a preferred 
embodiment, no sire or boar stud herd is maintained for the second nucleus herd because 
semen from the SGN1 herd is obtained and used to provide genetic linkage between the 
herds. The upper boundary of herd size for the producer's SGN2 herd will be determined by 
the breeding program and number of parent sows required for producing the desired number 
of terminal swine on a regular basis as well as producing replacement swine. Thus the 
breeding SGN2 herd can range from about 50, which can support up to about 50,000 parent 
dams per year, to about 100, which can support about 100,000 parent dams per year, or to 
about 1000, which can support up to about 1,000,000 parent dams per year, or can take other 
values depending on the number of parent dams to be produced each year. 
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Referring now to the first nucleus maternal line herd SGN1 to illustrate the effects of 
aspects of the invention on herd size in the genetics supplier's maternal line herd, consider, 
for example, that a minimum size to prevent unacceptable inbreeding in the SGN1 herd has 
been found to be about 450 sows. Additionally, of course, it is necessary to increase the dam 
5 herd by a number sufficient to provide replacement dams for the dam herd and boars for the 
stud herd. Further increases in size will be necessary if culls (animals excluded from 
selection for breeding) constitute a significant portion of the offspring or for other reasons 
such as health or to provide a sufficient population for a desired weekly breeding schedule or 
the like. As a result of using the invention, and even without use of the external herd SGN2 
10 data for calculating EBVs for internal (to the genetics supplier) SGN1 breeding purposes, it 
will be possible to reduce the size of the SGN1 herd toward the minimum size needed to 
balance rate of response and rate of inbreeding by significantly reducing the number of 
animals maintained for replacement breeding due to that portion of the herd necessary for 
production of those dams having been in effect transferred to the SGN2 herd. 

15 Further advantage can be obtained if the producer's collected phenotype data 

can be used in determining EBVs for the genetics suppliers SGN1 herd. For example, when a 
producer initiates an external genetic nuclear herd system as described herein, there may be a 
delay between when the producer's data collection practices are sufficient to result in reliable 
improvement in SGN1' herd and the time when the data accuracy meets the genetics 

20 supplier's standards. However, as soon as the data can be reliably used for determining EBVs 
for the genetics supplier's SGN1 herd, it is apparent that the genetic supplier will be able to 
increase accuracy of prediction for selected traits. Likewise, referring again to Figure 1, as 
additional external closed SGN herds (SGN3, SGN4, etc.) come into use that are also 
genetically linked and data linked to SGN1, further improvements in accuracy can be 
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achieved, provided that a sufficient size herd to prevent unacceptable inbreeding is 
maintained. 

According to various embodiments, as can be seen from the above discussion, the 
SGN2 can have a significantly smaller number of animals than the SGN1 . The size for the 
SGN2 herd is targeted at a minimum of 50 sows or the appropriate number of female animals 
to provide breeding dams for cross-breeding as practiced for producing parent dams used for 

producing terminal swine, and additionally replacement dams for the SGN2 herd itself. 

Another consideration influencing SGN2 size includes providing enough dams to provide a 

steady average supply of replacement females on a regular (e.g., weekly) basis to permit the 

effective use of facilities, labor and supplies. 

According to the invention, the SGN1 and SGN2 are genetically linked by use of 
semen from the same or related sires from SGN1 or by use of embryo transfer or other 
advanced reproduction techniques to produce offspring in both the SGN1 and the SGN2 herds 
that to some known degree share a specifiable pedigree. According to a preferred aspect of 
the invention, the desired genetic linkage is provided by using sires from the SGN1 to provide 
semen for breeding both of the SGN1 and SGN2 herds. The result is that, all of the offspring 
of the prescribed matings in both herds are half-sibs at least in respect of certain animals in 
each herd, i.e., there are groups of half-sibs sharing a common pedigree, and phenotypic data 
collected from both herds are capable of being jointly processed using conventional and 
available BLUP computer programs. Other means of providing genetic linkage can also be 
utilized, including but not limited to use of semen from related sires and other techniques 
useful for causing offspring to share a pedigree as herein defined. 

According to further aspects of some embodiments of the invention, the invention 
includes steps of generating a ranking of dams in the SGN2 for achieving a targeted measure 
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of genetic improvement for a next succeeding generation in the SGN2 and using semen 
provided from sires in the SGN1 for use in breeding selected dams in the SGN2 to achieve 
the targeted measure of genetic improvement in the SGN2. Likewise, according to some 
aspects of the invention, performance measures are likewise determined using information 
5 from both SGN1 and SGN2 and periodically provided to the SGN2 producer. 

A key priority in producing reliable phenotypic data is the clear identification of the 
measurements ("tests") to which the swine will be subjected and the conditions under which 
the swine will be maintained during the test period. For maternal line swine, the test period 
typically begins upon farrowing and ends upon the making of a decision for which testing was 
10 prerequisite, such as return of offspring to the parent herd as a replacement animal, shipment 
to market, and the like, after which the offspring may be said to be "off-tesf \ As discussed 
below in more detail, a minimum set of data comprises reproduction data, a more extensive 
set of data comprises reproduction data and growth rate data (e.g., weight at off-test and the 
like), and a very advantageous set of data comprises reproduction data, growth rate data and 
15 predicted carcass data. Many measures of those traits and techniques for making 
measurements of those traits a re known to those skilled in the art, and while a few of these are 
specifically described herein, the invention is not limited to those mentioned but extends to 
all phenotypes and tests useful for breeding purposes in accordance with the different aspects 
of the invention. 

20 To illustrate the generation of ranking of dams in the SGN2, consider first that the 

phenotypic measurements required will depend on the traits being enhanced. For maternal 
lines, desirable traits and data include for purposes of illustration at least reproduction traits 
and data such as litter size, underline, and the like, growth traits and data such as growth rate 
such as weight at off-test, and carcass traits and data such as percent lean, back-fat and loin- 
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eye area measurements. The SGN1 herd can be preferably evaluated for all of the traits 
mentioned above and the SGN2 herd is preferably evaluated for at least reproductive traits 
and more preferably for one or more of the growth traits and carcass traits. 

To increase the accuracy of EBV predictions it is of course highly desirable that the 
5 measurements of both herds are made using the same techniques and most preferably using 
personnel who have received substantially the same quality training in using those techniques. 

According to aspects of the invention, the resulting phenotypic data can be used to 
produce rankings, for example of dams in the SGN2 herd, from which the most desirable 
animals for achieving the targeted improvement can be bred with semen from SGN1. 
10 Preferably, the rankings are generated using BLUP computer programs to which data from 
both the SGN1 and the SGN2 herds can be input 

As indicated above, it may be desirable in some instances, but not in others, to use 
data from the SGN2 herd for generating EBVs for the SGN1 herd. Flexibility in this respect 
can be achieved by giving data from each animal indexes indicative of source and location 
1 5 and by making modifications either to the input routines or to the BLUP programs themselves 
to access the appropriate data for the herd and traits whose EBVs are being determined. 
Likewise, the outputs from BLUP programs, if in the values of the traits measured, can be 
readily weighted using economic information to maximize economic value for each 
assortment or constellation of traits. Such input and output routines and modifications are 
20 well known to those skilled in the art and can be readily implemented if not already available 
in the BLUP programs being used. 

As previously discussed, the BLUP programs are well known and commonly used in 
swine breeding and are readily available to those skilled in the art. An advantageous system 
for producing BLUP values is the MTDFREML system available from Dale Van Vleck at the 
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University of Nebraska - Lincoln. Other systems known and available to those skilled in the 
art can also be used and adapted for use with data as described herein by the routine exercise 
of programming skills. 

In most SGNs, although it is possible to synchronize estras by weaning, as a practical 
5 matter females are bred as they come into estrus during the course of the year. In contrast, 
elite sires or semen from elite sires may be available at most times unless the demand for 
semen is excessive. Consequently, according to an aspect of the invention, it is useful to 
generate the dam rankings on a periodic, preferably weekly, basis using currently available 
data so that as individual elite dams come into estrus they can be bred using semen from 
10 available elite boars. Desirably, the herd size is managed so that on average a certain number, 
for example, 3 or more come into estrus each week, since a predictable rate of females in 
estrus permits detennining the amount of semen or size of the boar stud herds that will be 
required as well as spreading personnel and facilities costs throughout fiscal periods. 
According to a preferred aspect of the invention, the dam rankings for the SGN2 herd can be 
15 generated at any convenient period or interval, e.g., monthly or preferably weekly to provide 
very advantageous results in implementing a breeding program to improve herd genetics. 
Generally, most large producers practice weekly flow and weekly reports are most 
advantageous. Accurate information reporting from the producer herd site to the genetics 
supplier site is required, reporting bred and farrowed dams, so that the weekly dam rankings 
20 consists only of "open" dams, that is, dams that are not bred and are available for breeding. 

Since the dam rankings are provided to the SGN2 producer, that producer has an 
increased measure of control of improvement in the SGN2 herd compared to prior art use of 
only an SGN1 herd. For example, by maintaining an SGN herd and increasing selection 
pressure, the SGN2 herd can potentially achieve progress at a faster or slower rate in respect 
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of selected characteristics relative to the SGN1 herd. A major factor in achieving desirable 
rates of genetic improvement as indicated by key equation (1) above is provided by 
generation interval and to the extent that the producer breeds lower parity females and highest 
ranked females, the producer further can further accelerate genetic improvement Also, since 
5 the data for the SGN2 herd can be collected by the SGN producer, additional effort to achieve 
good data structure and accuracy will also lead directly to improved genetics in the SGN2 
herd. All of these advantages can be achieved in accordance with the invention while 
maintaining the advantages of having SGN1 and SGN2 herds closed relative to each other 
following the initial establishment of the SGN2 herd. 

10 According to an aspect, the invention includes a feature of using the steps of 

generating a ranking of dams in SGN2 and using semen provided from sires in SGN1 for use 
in breeding dams in the SGN2 to achieving a targeted measure of genetic improvement for a 
next succeeding generation of SGN2. To illustrate this point, consider that the two herds 
SGN1 and SGN2 could be established and remain closed to each other after initial 
15 establishment, thereby achieving the animal health benefits of the present invention, and 
semen from selected sires in the SGN1 herd could be used to transfer genetic improvement to 
SGN2. However, in the light of the present invention, it can be seen that this system would 
not be capable of producing a targeted measure of improvement in the SGN2 heni because of 
the absence of dam selection in the SGN2 herd. In retrospect also, it can be seen that in order 
20 to accomplish dam selection, it is necessary to collect data representative of some of 
reproductive, growth and carcass traits and more importantly to use that data to generate the 
ranking of dams. Even more important was the recognition that the use of semen from SGN1 
to close SGN2 for health reasons also provided a genetic linkage between the two herds that 
permitted determination of EBVs for SGN2 in addition to SGNL 
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According to another embodiment of the invention, the invention comprises method . 
and system for breeding swine comprising determining measures for breeding swine. At least 
a core set of phenotypic data obtained from each of a first swine genetic nucleus breeding 
herd SGN1 and a second swine genetic nucleus herd SGN2, the SGN1 and the SGN2 being 
5 genetically linked is accessed; and measures for at least one of the SGN1 and the SGN2 herds 
selected from the group consisting of measures of estimated breeding values for selected traits 
and measures of rate of genetic improvement and combinations thereof are produced. In a 
further aspect, measures are produced for each of the SGN1 and SGN2 herds. In yet further 
aspects, at least a core set of phenotypic data from each of an additional set of swine genetic 
10 nucleus breeding herds is accessed, each SGN genetically linked with at least one other of a 
resulting total set of swine genetic nucleus breeding herds SGNs; and measures are further 
produced for at least one of the resulting total set of SGNs. 

According to preferred aspects of this embodiment of the invention, the measures of 
estimated breeding values or of genetic improvement are determined using a best linear 
15 unbiased prediction (BLUP) statistical model. For example, phenotypic data relevant to 
selected traits from at least one of SGN1 and SGN2 can be provided by a data link to a 
database that is data linked to a data processor for producing the measures of estimated 
breeding values, and then the data processor is used to access the database to produce the 
measures of estimated breeding values or of rate of genetic improvement. 
20 According to more preferred aspects of this embodiment of the invention, the measure 

is a measure of rate of genetic improvement for at least one of SGN1 and SGN2 and the 
invention comprises producing a measure of rate of genetic improvement for at least one of 
SGN1 and SGN2; and the measure of genetic improvement is provided by a data link to a site 
associated with the swine genetics breeding herd for which the measure is produced. At the 
25 site where the SGN is located, the measures are then used, for example, for measuring 
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compliance with a predetermined breeding plan for the SGN associated with that site or for 
improving compliance with the breeding plan upon occurrence of a provided rate of genetic 
improvement differing from a target rate of genetic improvement associated with the breeding 
plan or for adjusting a target rate of genetic improvement associated with the breeding plan 
upon occurrence of a provided rate of genetic improvement differing from the target rate. 

According to another aspect of the invention, a ranking of dams in the SGN2 herd is 
periodically generated for achieving a targeted measure of genetic improvement for a next 
succeeding generation in the SGN2 herd; and the ranking is provided for use for selection of 
dams for breeding using semen from SGN1 selected for use in breeding dams in the SGN2 to 
achieve the targeted measure of genetic improvement in the SGN. For highly advantageous 
results, this ranking of dams is generated and provided weekly to the SGN2 producer. 

Commercial breeders usually desire to take advantage of line or breed 
complementarity, an improvement in the overall performance of crossbred offspring resulting 
from crossing lines or breeds of different but complementary biological types. In swine, line 
complementarity typically comes from crossing maternal lines (lines that excel in maternal 
traits such as fertility, litter size, mothering ability, and maintenance efficiency) with paternal 
lines (lines that are strong in paternal traits such as rate and efficiency of gain, meat quality 
and carcass yield) where the maternal and paternal lines are complementary to each other. 
The ultimate in line complementarity is achieved in terminal-sire crossbreeding systems in 
which maternal-line females are mated to paternal breed sires to produce progeny that are 
especially desirable from a market standpoint Daughters of terminal sires are not kept as 
replacements but are sold along with their male counterparts as market animals. 

According to the invention, there are provided methods and systems for breeding and 
producing terminal swine for meat The invention is illustrated using a crossbreeding swine 
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production system utilizing both maternal lines and paternal lines for ultimately producing 
animals for meat, and the closed external SGN herd described herein specifically relates to a 
closed external SGN herd for producing maternal line dams that can be bred with paternal 
line terminal boars for producing terminal swine for meat production. However, the 
5 invention is not limited to the particular embodiment described but can be extended to any 
system for genetic improvement of swine lines in which (1) a central SGN herd and at least 
one external SGN herd (2) are bred using at least one parent, usually the sire, of known 
genotype to provide genetic linkage between offspring of the two herds sufficient for jointly 
processing data from both herds using currently available best linear unbiased prediction 
10 (BLUP) programs, (3) relevant data for determination of EBVs of potential parents in at least 
the external SGN herd are collected from offspring of both herds, (4) EBVs are determined 
for at least potential dams in the external SGN herd and (5) the external SGN herd is 
genetically improved by selection using the resulting EBVs calculated from both herds with 
imposition of target rate of genetic improvement criteria such as i/t for the SGN2 herd. 

15 Referring now to Figure 1, Figure 1 illustrates schematically swine production 

systems in accordance with the prior art at A, B, C and a swine production system in 
accordance with the invention at D comprising use of both a central nucleus breeding herd 
SGN1 and an external nucleus breeding herd SGN2. In D, the maternal line stud and dam 
herds are preferably isolated and all breeding is controlled in accordance with a breeding 

20 program determined as described herein. Thus, at A, there is illustrated the prior art use of a 
central SGN1 herd at 12 that is used to provide genetically-improved maternal line boars 
(semen) or sows or both to a multiplier facility 14 that in turn is used to provide dam lines for 
producing terminal pigs for feeding, finishing and harvesting 16. While system A illustrates 
all functions without segregation of entity or space among the various functions, in practice 
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the functions are usually separated among entities or space or both as schematically illustrated 
at prior art systems B and C in which dashed lines 28 and 38 indicate different entities or 
different locations or both, and in which the reference numerals of B and C (and D illustrating 
the invention discussed below) correspond to those of A by their final digit 

5 Referring now to system D, D illustrates a system in accordance with the invention in 

which a swine genetics provider 12 having a SGN1 herd, in addition optionally to supplying 
swine genetics to traditional facilities B or C or both, also on a one-time or infrequent basis 
provides stock to establish an external SGN maternal line dam herd (or a plurality of maternal 
line dam hards) at a producer facility D. (In addition to the single external SGN herd shown 
10 at D, there may be one or more other external SGN herds SGNi >2 ,..., n also established for other 
producers or facilities and these additional herds can benefit both genetics supplier 12 and 
producer D as explained in more detail herein. 

Referring now to Figure 2 in detail, Figure 2 illustrates D in Figure 1 in greater detail. 
Specifically, Figure 2 illustrates that the SGN herds 12 of the genetics supplier of Figure 1 
15 may comprise a plurality of pure line dam herds 12* and pure line sire herds 12" which can be 
used for producing market swine (MS). As illustrated by line 110, at the time of initial 
establishment of the external SGN2 maternal pure-line herd 42, live female animals of SGN1 
stock, optionally bred sows, may be provided after thorough health screening on a one-time or 
at least non-routine basis to the producer as shown by herd 112. At the time of establishing 
20 herd 1 12, maternal line semen from stud herd 102 can also be provided (illustrated by dashed 
line 106 from the genetics provider for initially breeding the SGN2 females by single sire 
matings resulting in offspring. Thereafter, the producer selects elite dams from the SGN2 
offspring for breeding with elite boars whose semen is provided by line 106 from the genetics 
supplier. With good testing, selection and mating practices, it will therefore be possible to 
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impose selection intensity to improve the SGN2 herd in some instances at a more rapid rate 
than is necessarily accomplished in the SGN1 herd. 

Those skilled in the art will appreciate that the result of using semen from the same 
sires for breeding SGN1 herd 103 and for breeding SGN2 herd 112 is feat the prescribed 
5 offspring from both herds will be half-sibs, that is, there are groups of half-sibs in both herds, 
sharing a common pedigree and therefore that EBVs can be determined for both SGN1 herd 
103 and SGN2 herd 112 using conventionally available BLUP programs. To illustrate, by 
using single-sire matings for all females, it will be known that the male selected for each 
female sired all offspring from that female of SGN2 herd 1 12. Assuming for purposes of 
D illustration that the goal of breeding is to enhance production of large numbers of dams with 
large litter sizes, good mothering ability, good growth rate and good carcass characteristics, 
the offspring at birth can be tagged with a unique animal identification. All females from 
litters in SGN2 showing specific abnormalities such as atresia ani, scrotal rupture, 
cryptorchidism or hermaphroditism are not eligible for the SGN breeding pool and can be 
i culled. The remaining females may be taken off-test at the same time (about 1 65 days), 
weighed, and tested for backfat and loineye area, and thereafter closely evalu ated for phy sical 
characteristics per selection guidelines until final selection for being returned to SGN2 herd 
112 for breeding. The resulting collected data of the non-culled animals can then be 
processed by BLUP to provide EBV ratings for each animal and the EBV ratings can be 
provided to the producer for use in selecting females in herd 1 12 for breeding. 

Concurrently, the sires of herd 102 can be culled, tested, and selected in a similar way 
and EBVs determined for potential sires for the next breeding of females in herd 112. 

According to aspects of the invention, the producer of herd 112 can establish a 
targeted measure of genetic improvement or change. In general terms, about half of the 
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improvement will derive from the sires selected for breeding from herd 102 and about half of 
the improvement will derive from the dams selected for breeding from herd 112. As a 
practical matter, since a single boar can be used to breed a number of sows, much of the 
selection pressure on herd 112 will derive from scrupulously following selection guidelines 
5 within herd 112. The regular reporting of actual genetic improvement has proved to be 
instrumental in achieving results that theoretically could have been achieved without the 
weekly reporting of actual improvement measures. The feedback loop created by providing 
the results actually obtained facilitates fine tuning of the practices of herd 112 management 
and actually permits the targeted measures of improvement to be achieved. 

10 In this system, it will be seen and appreciated by persons skilled in the art that by 

using semen from genetics provider 12 in external SGN herd 42, the resulting animals are 
preferably all half-sib animals of corresponding animals in the genetics provider's central 
SGN herd 12 that may be produced using the same maternal line boars. Use of related rather 
than identical sires results in a lower, but still useful for BLUP, degree of genetic relationship. 
15 This use of common male genetics permits phenotypic data collected from animals produced 
in external SGN herd 42 and phenotypic data collected from half-sib animals in the 
originating SGN herd 12 to be processed using BLUP to produce EBVs without the necessity 
of maintaining the external SGN herd at a number of animals which would by itself be 
sufficient to guarantee a sufficient level of heterozygosity and control of inbreeding in the 
20 external SGN herd. Simultaneously, it permits EBVs determined for the central SGN herd to 
have a greater accuracy level than would have been possible in the absence of the external 
SGN herd. As more external SGN herds are established as illustrated by D' in Figure 1, 
further efficiencies can be achieved. 
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To illustrate, if additional external herds SGN3, SGN4, etc. are added, the resulting 
increased numbers of related animals permits more precise estimation of EBVs for all of the 
herds whose data can be used. Moreover, comparison of target measures and performance 
measures of genetic improvement over a number of sites helps to identify facilities that are 
5 failing for one reason or another to achieve the rates of improvement that they are capable of 
achieving and therefore provides a measure of competitive efficiency for the operators of 
those facilities. 

Referring again to Figure 2 and in particular to the multiplier function 44, during 
multiplier function 44, producer 40 can further breed selected maternal line females derived 

10 from the SGN2 herd in accordance with the invention using semen or boars derived from 
genetics supplier 12 as indicated by dashed line 126 to produce great-grandparent stock 
(GGP) as illustrated by 151. As, illustrated, the multiplier function 44 can include steps of 
cross breeding using a number of pure lines from the genetics supplier herd GN2, GN3, and 
the like, for example, as illustrated by lines 121 and 131, consisting of sire herds 122 and 132 

15 and dam herds 123 and 133 respectively to produce GGP and GP (grandparent) dam herds 
151 and 161 respectively. As illustrated, producer 40 can obtain semen for each of the 
intermediate breeding steps from the genetics supplier via lines 121 and 131. The end result 
of these breeding steps is the production of a sufficient number of parent swine (PS) dams 
171 for breeding with a external terminal boar line illustrated by GN4 whose semen can be 
20 provided for example as illustrated by line 141 to produce market swine (MS). 

According to a preferred embodiment of the invention, as illustrated in Figure 2, the 
only introduction of live animals illustrated by solid line 110 from the genetics supplier to the 
producer occurs on a one-time basis at the time of establishing the external SGN2 herd. All 
other genetics introduced into the producer's facilities is via semen as indicated by dashed 
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lines 126, 136 and 146. In the instance of the SGN2 herd 112 and optionally derived dam 
herds 151, 161, and 171 it can be desirable for the producer to establish boar stud herds for 
use with the producer's dam herds. By limiting live animal introductions in this way, the 
external SGN2 herd is a "closed" herd, that is, not open to further live animal introductions, 
5 and as a result will advantageously isolate the herd from negative health impacts that result 
from live animal introductions. 

Following establishment of the external SGN2 herd, genetics provider 10 and 
producer 40 implement data collection and analysis suitable for determining EBVs of the 
external SGN2 herd using BLUP. While there are many ways this can be accomplished, 
10 Figure 3 illustrates the core of the process. Referring now to Figure 3 in detail, Figure 3 
illustrates a system for providing, accessing and processing phenotypic data collected from 
the SGN1, SGN2, etc. herds as described herein and processing the data to provide EBV data 
and dam rankings to the producer 40 and measures of target and performance measures of 
genetic improvement as described herein. 

15 As illustrated in Figure 3, animal identifier and phenotypic data collected from each of 

SGN1, SGN2, and SGNn herds referenced by 301, 302,and 303 are provided by data links 
311, 312, 313 respectively to a plurality of databases 321, 322, 323, or optionally all 
databases can be part of a single database as illustrated by reference numeral 325. As used in 
this application, the term data link is used to refer to all input, output, and transmission 
20 devices and methods that can be used to provide data in electronic form from various sites to 
the data base and to return data to the appropriate sites. Thus, the teim can include hand- 
helds, laptops, personal computers, scanners, and the like as input devices, electronic links 
both wired and wireless, via the internet or via other data connections from input/output 
devices to the data base and to the sites where information is used. Such matters are well 



40 



WO 2004/003697 PCT/US2003/020443 



known in the art and those skilled in the art can develop many systems in accordance with the 
teaching of the invention to accomplish the data transfer, processing and use. 

The animal and phenotypic data provided to the databases can be animal identifier 
data, pedigree data, and phenotypic measurements for Traits 1, 2, .... n as illustrated as well 
as other useful data identified for particular applications as is known to those skilled in the 
breeding arts. Since, as illustrated in Figure 2, semen for breeding SGN1, SGN2, .... SGNn 
comes from the SGN1 herd, it will be appreciated that sire phenotypic data for all the herds 
will be input from the SGN1 site in the usual instance while the dam phenotypic data will be 
input from the respective herds containing the dams. 

Periodically, a data processor 341 accesses selected data from database 325 or its 
constituent data sets 321, 322, . . ., 323 and obtains the relevant phenotypic data representative 
of SGN1 , SGN2, . . SGNn herds for detennining EBVs and economically-weighted EBVs of 
the dams of selected herds using BLUP and to provide a ranking of dams in each herd for 
selecting dams for breeding. Likewise, the data processor accesses selected data from the 
database and selects sires most suitable for breeding to achieve desired characteristics in the 
offspring. The ranking data is provided, for example, by data links 351, 352, .... 353 back to 
the respective herds where the data is needed for implementing a breeding program, including 
selection of sires and ranking of dams for semen provision and breeding respectively. 

According to another aspect, the animal and phenotypic data for each SGN are used to 
generate measures of genetic improvement for each SGN and to provide those measures back 
to at least the respective SGN. As illustrated by the double-headed arrow 331, the measures 
of genetic improvement can also be stored in the database 325. Preferably, both the dam 
rankings and the measures of genetic improvement are determined on a regular basis, for 
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most advantageous results to accomplish a targeted measure of genetic improvement on a 
weekly basis, though other intervals can also be useful. 

While the invention has been illustrated in terms of various embodiments embodying v. 
various aspects, the invention is not limited to the embodiments described herein in detail but 
5 by the claims appended hereto interpreted in accordance with applicable principles of law. 
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